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There	
  are	
  systema/c	
  differences	
  	
  
between	
  analyses	
  from	
  different	
  centers,	
  
indica/ng	
  that	
  analyses	
  are	
  likely	
  biased.	
  
	
  
Supposi/on	
  from	
  WMO/JWGV:	
  	
  
since	
  short-­‐range	
  forecasts	
  might	
  	
  
inherit	
  analysis	
  bias,	
  and	
  forecast	
  	
  
bias	
  may	
  not	
  be	
  fully	
  removed	
  in	
  next	
  	
  
analysis,	
  it’s	
  difficult	
  to	
  compare	
  two	
  	
  
centers’	
  forecasts	
  against	
  one	
  single	
  	
  
center’s	
  analysis.	
  
	
  
What	
  then	
  are	
  the	
  guiding	
  principles,	
  	
  
if	
  any,	
  for	
  use	
  of	
  analysis	
  data	
  in	
  	
  
verifica/on?	
  

from	
  Wei	
  et	
  al.	
  2010	
  



When	
  I	
  started	
  playing	
  with	
  the	
  data,	
  I	
  
started	
  asking	
  different	
  ques/ons.	
  

•  What	
  can	
  we	
  understand	
  about	
  the	
  characteris/cs	
  of	
  
analysis	
  errors	
  by	
  comparing	
  analyses	
  from	
  different	
  
centers	
  (supplied	
  via	
  THORPEX’s	
  new	
  TIGGE	
  
database)	
  ?	
  	
  [important	
  for	
  ensemble	
  ini/aliza/on]	
  

•  Can	
  we	
  learn	
  anything	
  about	
  poten/al	
  forecast	
  model	
  
and	
  assimila/on	
  system	
  biases	
  from	
  examining	
  
analyses	
  and	
  short-­‐range	
  forecasts	
  using	
  TIGGE’s	
  mul/-­‐
center	
  data?	
  

•  Assuming	
  differences	
  between	
  centers’	
  analyses	
  are	
  
representa/ve	
  of	
  analysis	
  error,	
  how	
  well	
  do	
  various	
  
ensemble	
  perturba/on	
  methodologies	
  do	
  in	
  mimicking	
  
the	
  proper/es	
  of	
  analysis	
  errors?	
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Data	
  and	
  analysis	
  methods	
  
•  I	
  downloaded	
  00Z	
  analyses,	
  perturbed	
  ini/al	
  condi/ons,	
  and	
  determinis/c	
  

forecasts	
  at	
  2.5	
  degree	
  resolu/on	
  from	
  ECMWF’s	
  TIGGE	
  portal.	
  	
  
•  Period	
  is	
  1	
  Oct	
  2010	
  to	
  30	
  Sep	
  2011,	
  1	
  full	
  year.	
  
•  Data	
  from	
  NCEP,	
  ECMWF,	
  UKMO,	
  CMC,	
  CMA	
  (China).	
  
•  Variables:	
  	
  2-­‐meter	
  temp,	
  10-­‐m	
  wind	
  components,	
  sea	
  level	
  pressure;	
  

temperature,	
  wind	
  components,	
  and	
  geopoten/al	
  height	
  at	
  50,	
  200,	
  250,	
  
300,	
  500,	
  700,	
  850,	
  and	
  925	
  hPa.	
  

•  Data	
  to	
  be	
  shown	
  
–  Time	
  average	
  of	
  daily	
  spread	
  (sample	
  standard	
  devia/on)	
  of	
  analyses	
  about	
  

their	
  daily	
  mean.	
  
–  Time	
  series	
  of	
  analyses	
  for	
  select	
  variables,	
  at	
  selected	
  grid	
  points,	
  raw	
  data	
  

and	
  with	
  +/-­‐	
  15	
  day	
  smooth.	
  
–  24-­‐h	
  forecast	
  /me	
  tendencies,	
  and	
  how	
  they	
  differ	
  from	
  analysis	
  tendencies,	
  

to	
  get	
  a	
  sense	
  as	
  to	
  whether	
  the	
  forecast	
  model	
  contributes	
  a	
  systema/c	
  bias	
  
that	
  may	
  be	
  hard	
  to	
  remove	
  in	
  the	
  analyses.	
  

–  The	
  power	
  spectra	
  of	
  analysis	
  differences,	
  and	
  how	
  differences	
  in	
  perturbed	
  
ini/al	
  condi/ons	
  resemble	
  these	
  spectra.	
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Assump/ons	
  of	
  this	
  study	
  

•  Individual	
  centers’	
  analyses	
  will	
  have	
  biases	
  
(almost	
  certainly	
  true,	
  as	
  will	
  be	
  shown).	
  

•  Biases	
  between	
  various	
  analyses	
  are	
  
uncorrelated,	
  so	
  the	
  mean	
  of	
  mul/ple	
  centers	
  
is	
  less	
  biased	
  (unclear	
  how	
  much	
  this	
  is	
  true	
  ).	
  

•  Hence,	
  the	
  difference	
  of	
  a	
  given	
  center	
  from	
  
the	
  mul/-­‐center	
  mean	
  may	
  indicate	
  
something	
  about	
  the	
  bias	
  in	
  that	
  analysis	
  
system.	
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Let’s	
  look	
  at	
  2-­‐m	
  temperatures…	
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Analysis	
  spread,	
  2-­‐meter	
  temperature	
  
red	
  dots	
  are	
  loca/ons	
  of	
  /me	
  series	
  in	
  subsequent	
  plots	
  

Here,	
  I	
  calculated	
  the	
  
spread	
  (sample	
  std.	
  	
  
dev.)	
  on	
  each	
  day	
  
among	
  the	
  5	
  analyses.	
  
The	
  plot	
  is	
  the	
  yearly	
  
average	
  of	
  these	
  
daily	
  spreads.	
  
	
  
>	
  1K	
  spread	
  over	
  
con/nents	
  is	
  typical,	
  
even	
  in	
  data	
  dense	
  
regions.	
  
	
  
	
  
	
  
	
  
see	
  also	
  Fig	
  4.	
  of	
  	
  
Wei	
  et	
  al.	
  2010	
  ref.	
  8	
  



Time	
  series	
  of	
  analyses,	
  	
  central	
  US	
  	
  

Looking	
  at	
  this	
  plot,	
  the	
  various	
  
line	
  colors	
  overlap	
  quite	
  a	
  bit,	
  
sugges/ng	
  that	
  the	
  differences	
  
have	
  a	
  substan/al	
  random	
  
component.	
  	
  However,	
  looking	
  
at	
  the	
  yearly	
  averaged	
  temperature	
  
(listed	
  in	
  the	
  box	
  in	
  the	
  upper	
  ler),	
  
no/ce	
  for	
  example	
  that	
  NCEP’s	
  
analysis	
  is	
  >	
  2	
  K	
  colder	
  than	
  CMA’s,	
  
on	
  average.	
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Time	
  series	
  of	
  analyses,	
  	
  central	
  US	
  
(smoothed) 	
  	
  

Here	
  smoothed	
  using	
  	
  
average	
  of	
  +/-­‐	
  15	
  days.	
  
	
  
Warmer	
  CMA	
  analyses	
  
in	
  last	
  4	
  months	
  stands	
  out.	
  
	
  
Even	
  in	
  a	
  rela/vely	
  data-­‐rich	
  
region,	
  there	
  are	
  apparent	
  
biases	
  in	
  analyses	
  that	
  may	
  
complicate	
  their	
  use	
  for	
  
forecast	
  verifica/on.	
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Time	
  series	
  of	
  analyses,	
  	
  	
  
Amazon	
  basin,	
  South	
  America	
  

At	
  this	
  point	
  in	
  the	
  Amazon	
  basin,	
  
the	
  analyses	
  are	
  quite	
  different	
  
from	
  each	
  other,	
  even	
  in	
  yearly	
  
means,	
  which	
  range	
  from	
  296.7K	
  	
  
to	
  301.5K.	
  	
  	
  NCEP	
  is	
  rather	
  	
  
consistently	
  the	
  coldest,	
  UKMO	
  
the	
  warmest.	
  	
  This	
  suggests	
  that	
  
a	
  primary	
  difference	
  between	
  
analyses,	
  especially	
  in	
  rela/vely	
  
data-­‐sparse	
  regions,	
  may	
  be	
  a	
  
systema/c	
  bias	
  in	
  each	
  analysis	
  
system.	
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Time	
  series	
  of	
  analyses,	
  	
  	
  
Amazon	
  basin,	
  South	
  America,	
  smoothed	
  

Both	
  the	
  warmer	
  UKMO	
  
and	
  cooler	
  NCEP	
  analyses	
  
stand	
  out	
  here.	
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Time	
  series	
  of	
  analyses,	
  	
  	
  
southern	
  Saharan	
  Desert,	
  Africa	
  

The	
  rela/ve	
  order	
  of	
  which	
  
analysis	
  is	
  colder,	
  which	
  is	
  warmer	
  
is	
  different	
  than	
  in	
  the	
  Amazon,	
  
but	
  there	
  s/ll	
  appears	
  that	
  a	
  	
  
substan/al	
  por/on	
  of	
  the	
  variability	
  
may	
  be	
  explained	
  by	
  systema/c	
  
differences	
  in	
  the	
  mean.	
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Time	
  series	
  of	
  analyses,	
  	
  	
  
southern	
  Saharan	
  Desert,	
  Africa	
  

The	
  rather	
  consistent	
  differences	
  
in	
  the	
  analyses	
  is	
  highlighted	
  
with	
  the	
  30-­‐day	
  mean;	
  CMC	
  
is	
  rather	
  consistently	
  the	
  warmest,	
  
CMA	
  the	
  coolest.	
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Time	
  series	
  of	
  analyses,	
  	
  	
  
central	
  Greenland	
  

The	
  analyses	
  agree,	
  Greenland	
  	
  
was	
  not	
  the	
  place	
  you	
  wanted	
  to	
  
vaca/on	
  on	
  St.	
  Patrick’s	
  Day	
  in	
  
2011	
  (March	
  17).	
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Time	
  series	
  of	
  analyses,	
  	
  	
  
central	
  Greenland	
  (smoothed)	
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Time	
  series	
  of	
  analyses,	
  	
  	
  
Mongolia	
  

Does	
  ECMWF	
  have	
  the	
  best	
  	
  
analyses?	
  	
  They	
  certainly	
  didn’t	
  
agree	
  with	
  any	
  other	
  center	
  on	
  	
  
the	
  temperature	
  in	
  Mongolia	
  
last	
  winter.	
  	
  The	
  Chinese	
  were	
  
the	
  iconoclasts	
  during	
  the	
  
Mongolian	
  summer.	
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Time	
  series	
  of	
  analyses,	
  	
  	
  
Mongolia	
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Sources	
  of	
  bias	
  in	
  analyses	
  

•  Model	
  bias	
  inherited	
  from	
  prior	
  first-­‐guess	
  
forecast.	
  

•  Different	
  methods	
  of	
  processing	
  satellite	
  data,	
  
i.e.,	
  different	
  bias	
  correc/on	
  algorithms,	
  
different	
  cloud	
  clearing	
  algorithms.	
  

•  Poor	
  models	
  of	
  error	
  covariances.	
  
•  Different	
  data	
  assimilated,	
  perhaps	
  due	
  to	
  
different	
  QC	
  methods,	
  data	
  cutoffs.	
  

•  Etc.	
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Using	
  24-­‐h	
  /me	
  tendencies	
  to	
  diagnose	
  
possible	
  model/DA	
  system	
  bias	
  

•  Neglec/ng	
  the	
  change	
  of	
  seasons,	
  one	
  would	
  
expect	
  a	
  long	
  /me	
  series	
  of	
  <Ft+24	
  –	
  At>	
  would	
  
be	
  unbiased,	
  i.e.,	
  no	
  systema/c	
  tendencies	
  in	
  
1-­‐day	
  forecasts.	
  <	
  .	
  >	
  is	
  /me	
  average.	
  

•  Can	
  account	
  for	
  change	
  of	
  seasons	
  by	
  
calcula/ng	
  <Ft+24	
  –	
  At>	
  but	
  then	
  subtrac/ng	
  	
  
<At+24	
  –	
  At>.	
  

•  Subsequent	
  plots	
  show	
  this.	
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Average	
  0-­‐24	
  h	
  tendencies	
  in	
  2-­‐m	
  temp	
  
<dF/dt>	
  -­‐	
  <dA/dt>,	
  Oct-­‐Nov-­‐Dec	
  2010	
  

NCEP	
   ECMWF	
  

The	
  plots	
  show	
  3-­‐month	
  averaged	
  forecast	
  minus	
  3-­‐month	
  averaged	
  observed	
  	
  
tendencies,	
  which	
  hopefully	
  are	
  a	
  reasonable	
  diagnos/c	
  of	
  day	
  +1	
  model	
  drir.	
  
Here,	
  NCEP	
  consistently	
  exhibits	
  posi/ve	
  tendencies	
  over	
  land,	
  ECMWF	
  nega/ve	
  	
  
tendencies	
  over	
  land.	
  	
  Let’s	
  focus	
  on	
  NCEP.	
  	
  Dots	
  convey	
  sta/s/cal	
  significance.	
  

21	
  
Note:	
  other	
  season’s	
  plots	
  in	
  supplementary	
  slides,	
  arer	
  conclusions.	
  



Average	
  0-­‐24	
  h	
  tendencies	
  in	
  NCEP	
  
	
  2-­‐m	
  temp	
  <F>	
  -­‐	
  <A>,	
  Jul-­‐Aug-­‐Sep	
  2011	
  

NCEP	
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What’s	
  going	
  on	
  here	
  in	
  the	
  Amazon	
  is	
  rather	
  puzzling.	
  	
  The	
  24-­‐h	
  forecasts	
  are	
  	
  >	
  2K	
  warmer	
  
on	
  average	
  than	
  the	
  analyses,	
  which	
  would	
  lead	
  one	
  to	
  believe	
  that	
  in	
  this	
  rela/vely	
  
data	
  sparse	
  region	
  the	
  analysis	
  might	
  thus	
  have	
  a	
  warm	
  bias	
  with	
  respect	
  to	
  the	
  other	
  
analyses.	
  	
  Is	
  this	
  some	
  case	
  where	
  there	
  may	
  be	
  a	
  repeated	
  inappropriate	
  nega/ve	
  	
  
(cooling)	
  analysis	
  increment	
  in	
  the	
  data	
  assimila/on,	
  and	
  the	
  24-­‐h	
  forecast	
  “snaps	
  back”	
  	
  
to	
  a	
  more	
  reasonable	
  climatology?	
  



Time	
  series	
  of	
  analyzed	
  and	
  24-­‐h	
  forecast	
  	
  
2-­‐m	
  temp	
  (smoothed)	
  in	
  the	
  Amazon	
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This	
  suggests	
  that	
  perhaps	
  for	
  this	
  loca/on,	
  since	
  NCEP’s	
  24-­‐h	
  forecasts	
  become	
  	
  
more	
  consistent	
  with	
  the	
  others	
  while	
  UKMO’s	
  become	
  even	
  more	
  of	
  an	
  outlier,	
  	
  
NCEP’s	
  problem	
  is	
  more	
  likely	
  due	
  to	
  some	
  issues	
  with	
  the	
  assimila/on,	
  while	
  	
  
UKMO’s	
  problem	
  is	
  a	
  forecast	
  model	
  bias	
  problem.	
  

analysis	
   24-­‐h	
  forecast	
  



Differences	
  of	
  NCEP	
  analyses	
  and	
  24-­‐h	
  
forecasts	
  from	
  mul/-­‐center	
  mean	
  

24	
  

Generally	
  NCEP	
  land	
  2-­‐m	
  temperature	
  analyses	
  are	
  cooler	
  than	
  other	
  analyses,	
  but	
  by	
  
24-­‐h	
  this	
  is	
  reversed	
  and	
  the	
  NCEP	
  forecasts	
  are	
  warmer	
  in	
  many	
  loca/ons.	
  
	
  
Is	
  the	
  model	
  restoring	
  itself	
  from	
  some	
  disequilibrium	
  during	
  the	
  analysis	
  process,	
  or	
  are	
  
we	
  seeing	
  a	
  general	
  forecast	
  bias?	
  	
  Let’s	
  look	
  at	
  some	
  longer	
  leads.	
  	
  

analysis	
   24-­‐h	
  forecast	
  



Differences	
  of	
  24-­‐h	
  and	
  48-­‐h	
  forecasts	
  
from	
  mul/-­‐center	
  mean	
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24-­‐h	
  and	
  48-­‐h	
  forecasts	
  look	
  amazingly	
  similar	
  for	
  2-­‐m	
  temp,	
  sugges/ng	
  that	
  the	
  
change	
  in	
  the	
  first	
  24	
  h	
  may	
  be	
  an	
  adjustment	
  due	
  to	
  inconsistencies	
  introduced	
  	
  
during	
  the	
  assimilaJon	
  process.	
  
	
  

24	
  h	
   48	
  h	
  



NCEP	
  0-­‐24	
  h	
  and	
  24-­‐48	
  h	
  tendencies	
  
	
  in	
  2-­‐m	
  temp	
  	
  	
  <dF/dt>	
  -­‐	
  <dA/dt>	
  

	
  0	
  to	
  24	
  h	
   24	
  to	
  48	
  h	
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This	
  confirms	
  the	
  0-­‐24	
  h	
  tendencies	
  for	
  this	
  field	
  are	
  transient	
  adjustments.	
  



Let’s	
  look	
  TIGGE	
  analysis	
  spread	
  for	
  
other	
  variables…	
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Analysis	
  spread,	
  10-­‐m	
  u	
  component	
  

28	
  



Time	
  series	
  of	
  10-­‐m	
  u	
  wind,	
  	
  
equatorial	
  west	
  Pacific	
  

29	
  

CMA	
  analyses	
  appear	
  very	
  	
  
different	
  than	
  the	
  others	
  in	
  
this	
  region	
  of	
  cri/cal	
  ENSO	
  	
  
and	
  MJO	
  variability.	
  



Time	
  series	
  of	
  10-­‐m	
  u	
  wind,	
  	
  
equatorial	
  west	
  Pacific,	
  smoothed	
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CMA	
  analyses	
  appear	
  very	
  	
  
different	
  than	
  the	
  others	
  in	
  
this	
  region	
  of	
  cri/cal	
  ENSO	
  	
  
and	
  MJO	
  variability.	
  



Analysis	
  spread,	
  	
  
mean	
  sea-­‐level	
  pressure	
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Time	
  series	
  of	
  SLP	
  analyses,	
  	
  	
  
southern	
  ocean	
  

CMA	
  analyses	
  seem	
  to	
  have	
  a	
  lot	
  
less	
  variability,	
  not	
  capturing	
  the	
  
depth	
  of	
  the	
  lows,	
  strength	
  of	
  the	
  
highs	
  here.	
  
	
  
At	
  dates	
  indicated	
  by	
  red	
  arrow,	
  note	
  
that	
  all	
  other	
  centers	
  agree	
  on	
  
a	
  period	
  of	
  sustained	
  low	
  pressure	
  
of	
  ~	
  970	
  hPa,	
  while	
  CMA	
  is	
  ~	
  990	
  hPa.	
  
20	
  hPa	
  different!	
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Time	
  series	
  of	
  SLP	
  analyses,	
  	
  	
  
southern	
  ocean	
  (smoothed)	
  

CMA’s	
  reduced	
  variability	
  is	
  	
  
evident	
  as	
  well	
  in	
  the	
  30-­‐day	
  
mean.	
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Example:	
  ECMWF	
  (red)	
  &	
  CMA	
  (blue)	
  
MSLP	
  analyses,	
  2010/12/25/00Z	
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where’s	
  
the	
  
cyclone?	
  



Analysis	
  spread,	
  	
  
temperature	
  at	
  850	
  hPa	
  

35	
  



Time	
  series	
  of	
  850	
  hPa	
  temperature,	
  	
  	
  
south	
  of	
  Galapagos	
  

Life	
  in	
  the	
  subtropical	
  ocean	
  
stratus	
  deck.	
  	
  Differences	
  
appear	
  more	
  random.	
  	
  Probably	
  	
  
there	
  are	
  some	
  large	
  differences	
  in	
  
how	
  the	
  models	
  parameterize	
  
stratus	
  clouds	
  and	
  their	
  radia/ve	
  
impacts.	
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Time	
  series	
  of	
  850	
  hPa	
  temperature,	
  	
  	
  
south	
  of	
  Galapagos	
  (smoothed)	
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Again,	
  CMA	
  appears	
  to	
  have	
  
less	
  temporal	
  variability.	
  
	
  
For	
  several	
  periods,	
  UKMO	
  is	
  
the	
  outlier.	
  



Average	
  0-­‐24	
  h	
  tendencies	
  in	
  850	
  T	
  
<dF/dt>	
  -­‐	
  <dA/dt>,	
  Oct-­‐Nov-­‐Dec	
  2010	
  

NCEP	
   ECMWF	
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The	
  systema/c	
  tendencies	
  for	
  NCEP	
  are	
  much	
  larger	
  than	
  for	
  ECMWF,	
  and	
  very	
  
large	
  (>2K/day)	
  over	
  Antarc/ca,	
  Greenland	
  (but	
  effec/vely	
  below	
  ground).	
  	
  	
  Over	
  
the	
  oceans,	
  there	
  are	
  almost	
  uniformly	
  nega/ve	
  tendencies	
  for	
  NCEP	
  in	
  first	
  24h.	
  



NCEP	
  0-­‐24	
  h	
  and	
  24-­‐48	
  h	
  tendencies	
  
	
  in	
  850	
  hPa	
  temp	
  	
  	
  <dF/dt>	
  -­‐	
  <dA/dt>	
  

	
  0	
  to	
  24	
  h	
   24	
  to	
  48	
  h	
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Again,	
  NCEP	
  0-­‐24	
  h	
  tendencies	
  for	
  this	
  field	
  are	
  dominated	
  by	
  transient	
  adjustments,	
  
and	
  the	
  magnitude	
  of	
  the	
  average	
  of	
  the	
  tendencies	
  is	
  radically	
  smaller	
  on	
  day	
  2	
  than	
  	
  
day	
  1.	
  



Analysis	
  spread,	
  	
  
500	
  hPa	
  geopoten/al	
  height	
  

This	
  looks	
  more	
  
“well	
  behaved”,	
  	
  
with	
  more	
  	
  
variability	
  	
  
somewhat	
  in	
  the	
  	
  
storm	
  tracks	
  
(another	
  sign	
  of	
  	
  
how	
  500Z	
  is	
  	
  
unlike	
  many	
  other	
  
variables	
  of	
  	
  
interest).	
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Average	
  0-­‐24	
  h	
  tendencies	
  in	
  500Z	
  
<dF/dt>	
  -­‐	
  <dA/dt>,	
  Oct-­‐Nov-­‐Dec	
  2010	
  

NCEP	
   ECMWF	
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Again,	
  very	
  large	
  tendencies	
  over	
  Antarc/ca	
  for	
  NCEP.	
  	
  Geopoten/al	
  height	
  falls	
  
there	
  indicate,	
  presumably,	
  a	
  strong	
  anomalous	
  cooling	
  of	
  air	
  from	
  surface	
  to	
  	
  
500	
  hPa.	
  	
  Also:	
  	
  large	
  height	
  rises	
  on	
  poleward	
  side	
  of	
  S.	
  Hem.	
  jet,	
  indica/ng	
  a	
  
systema/c	
  weakening	
  of	
  the	
  jet.	
  



Average	
  0-­‐24	
  h	
  and	
  24-­‐48	
  h	
  	
  NCEP	
  
tendencies	
  in	
  500Z	
  	
  	
  <dF/dt>	
  -­‐	
  <dA/dt>	
  

0-­‐24	
  h	
   24-­‐48	
  h	
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Consistent	
  nega/ve	
  tendencies	
  over	
  Antarc/ca.	
  	
  Otherwise,	
  the	
  pa|erns	
  show	
  
li|le	
  similarity,	
  and	
  amplitudes	
  of	
  24-­‐48	
  h	
  tendencies	
  are	
  comparable	
  to	
  those	
  
for	
  0-­‐24	
  h.	
  	
  Also,	
  note	
  the	
  lack	
  of	
  dots	
  corresponding	
  to	
  many	
  regions	
  with	
  	
  
intense	
  colors.	
  	
  Despite	
  rela/vely	
  large	
  changes,	
  these	
  are	
  not	
  sta/s/cally	
  
significant.	
  



Analysis	
  spread,	
  	
  
250	
  hPa	
  u	
  component	
  

What’s	
  going	
  on	
  
in	
  tropical	
  
eastern	
  Pacific	
  
and	
  tropical	
  
western	
  Indian	
  
Oceans?	
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Time	
  series	
  of	
  250	
  hPa	
  u-­‐wind,	
  	
  	
  
eastern	
  equatorial	
  Pacific	
  

CMA,	
  and	
  to	
  lesser	
  extent	
  NCEP,	
  
have	
  much	
  stronger	
  westerly	
  
winds.	
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Time	
  series	
  of	
  250	
  hPa	
  u-­‐wind,	
  	
  	
  
eastern	
  equatorial	
  Pacific	
  (smoothed)	
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Time	
  series	
  of	
  250	
  hPa	
  u-­‐wind,	
  	
  	
  
western	
  equatorial	
  Indian	
  Ocean	
  

CMA	
  has	
  much	
  stronger	
  westerly	
  
component,	
  especially	
  early	
  during	
  
this	
  period.	
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Time	
  series	
  of	
  250	
  hPa	
  u-­‐wind,	
  	
  	
  
western	
  equatorial	
  Indian	
  Ocean	
  

CMA	
  has	
  much	
  stronger	
  westerly	
  
component,	
  especially	
  early	
  during	
  
this	
  period.	
  
	
  
It	
  seems	
  like	
  these	
  biases	
  might	
  
have	
  an	
  effect	
  on	
  MJO.	
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Time	
  series	
  of	
  500	
  hPa	
  u-­‐wind,	
  	
  	
  
western	
  equatorial	
  Indian	
  Ocean	
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CMA	
  is	
  no	
  longer	
  the	
  outlier	
  here	
  



Time	
  series	
  of	
  700	
  hPa	
  u-­‐wind,	
  	
  	
  
western	
  equatorial	
  Indian	
  Ocean	
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At	
  700	
  hPa,	
  CMA	
  is	
  now	
  consistently	
  too	
  easterly	
  rather	
  than	
  westerly.	
  
CMA	
  may	
  have	
  some	
  anomalous	
  analyzed	
  zonal	
  circula/on?	
  	
  



Using	
  TIGGE	
  mul/-­‐center	
  analyses	
  to	
  
evaluate	
  methods	
  for	
  ini/alizing	
  ensembles	
  

•  Theore/cally,	
  ensembles	
  ought	
  to	
  sample	
  the	
  
distribu/on	
  of	
  possible	
  analysis	
  states.	
  
– Therefore,	
  ensemble	
  perturba/ons	
  ought	
  to	
  have	
  
the	
  same	
  sta/s/cs	
  as	
  analysis	
  errors.	
  

•  Hypothesize	
  that	
  the	
  differences	
  between	
  
mul/-­‐center	
  analyses	
  represent	
  realis/c	
  
samples	
  of	
  analysis	
  uncertainty.	
  

•  Let’s	
  compare	
  ensemble	
  perturba/on	
  
sta/s/cs	
  to	
  mul/-­‐analysis	
  differences.	
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Power	
  spectra	
  from	
  analysis	
  data	
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U	
  @	
  250	
  hPa	
  T	
  @	
  500	
  hPa	
  

(1)  Larger	
  analysis	
  “errors”	
  (i.e.,	
  differences)	
  at	
  larger	
  scales	
  than	
  at	
  smaller	
  scales,	
  but	
  …	
  	
  
(2)  Large	
  signal-­‐to-­‐noise	
  ra/o	
  (S/N)	
  at	
  large	
  scales,	
  small	
  S/N	
  at	
  smaller	
  scales.	
  
(3)  Are	
  analysis	
  errors	
  really	
  that	
  large	
  at	
  the	
  largest	
  scales?	
  	
  Probably	
  yes	
  for	
  some	
  
models	
  with	
  larger	
  biases,	
  no	
  for	
  others	
  with	
  smaller	
  biases	
  (e.g.,	
  ECMWF).	
  

meridional	
  wave	
  2	
  dominates	
  	
  
(cold	
  pole,	
  warm	
  equator)	
  

winter/	
  
summer	
  
hemisphere	
  
temp	
  difference	
  

ECMWF	
  used	
  for	
  base	
  state;	
  ECMWF	
  -­‐	
  NCEP	
  used	
  for	
  differences.	
  	
  
Spectra	
  computed	
  daily,	
  then	
  averaged	
  over	
  the	
  full	
  year.	
  

wave#	
  4	
  dominant	
  



Power	
  spectra	
  of	
  ensemble	
  
perturba/ons,	
  NCEP	
  ensemble	
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(1)  Suggests	
  this	
  ETR	
  perturba/on	
  ensemble	
  have	
  insufficient	
  power	
  at	
  planetary	
  scales.	
  	
  
This	
  is	
  consistent	
  with	
  the	
  assump/on	
  made	
  in	
  the	
  ETR	
  that	
  the	
  analysis	
  is	
  unbiased	
  while	
  
analyses	
  between	
  different	
  centers	
  suggest	
  there	
  is	
  bias.	
  
(2)	
  ETR’s	
  underes/mate	
  of	
  ini/al	
  amplitude	
  is	
  the	
  least	
  for	
  the	
  small	
  baroclinic	
  scales.	
  	
  	
  
This	
  may	
  be	
  because	
  the	
  breeding	
  method	
  inside	
  the	
  ETR	
  generates	
  perturba/ons	
  	
  
that	
  project	
  onto	
  the	
  (finite	
  amplitude)	
  Lyapunov	
  vectors,	
  dominated	
  by	
  baroclinic	
  scales.	
  



Power	
  spectra	
  of	
  ensemble	
  
perturba/ons,	
  ECMWF	
  ensemble	
  

53	
  

(1)  For	
  wind,	
  ECMWF’s	
  under-­‐es/mate	
  of	
  perturba/on	
  size	
  is	
  more	
  drama/c	
  than	
  in	
  	
  
NCEP’s	
  system.	
  	
  However,	
  (a)	
  their	
  (energy	
  norm)	
  singular-­‐vector	
  perturba/ons	
  may	
  	
  
grow	
  more	
  rapidly,	
  so	
  this	
  under-­‐es/mate	
  may	
  not	
  be	
  as	
  pronounced	
  in	
  the	
  forecast,	
  and	
  
(b)	
  various	
  other	
  diagnos/cs	
  shown	
  here	
  today	
  suggest	
  ECMWF’s	
  analysis	
  may	
  have	
  less	
  	
  
model	
  bias,	
  hence	
  the	
  es/mate	
  of	
  analysis	
  error	
  from	
  difference	
  between	
  ECMWF	
  and	
  	
  
NCEP	
  may	
  overes/mate	
  the	
  error	
  spectrum	
  for	
  their	
  system.	
  

esJmated	
  too	
  large?	
  



Power	
  spectra	
  of	
  ensemble	
  
perturba/ons,	
  GFS	
  EnKF	
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(1)  Generally	
  more	
  power	
  at	
  all	
  wavenumbers	
  rela/ve	
  to	
  ETR.	
  
(2)  Overes/mate	
  of	
  power	
  (i.e.,	
  amplitude	
  of	
  perturba/ons)	
  at	
  small	
  scales.	
  	
  Likely	
  this	
  
is	
  a|ributable	
  to	
  inappropriate	
  analysis	
  increments	
  due	
  to	
  the	
  use	
  of	
  smaller-­‐than	
  ideal	
  
ensemble	
  size	
  (n=80)	
  in	
  the	
  EnKF.	
  
(3)	
  S/ll	
  some	
  underes/mate	
  of	
  power	
  at	
  large	
  scales.	
  



Power	
  spectra	
  of	
  ensemble	
  
perturba/ons,	
  CMC	
  ensemble	
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Reasonably	
  well	
  calibrated	
  overall	
  for	
  t500;	
  a	
  bit	
  of	
  an	
  overes/mate	
  of	
  variance	
  for	
  u250.	
  



Conclusions	
  
•  Analyses,	
  assumed	
  to	
  be	
  unbiased,	
  do	
  exhibit	
  substan/al	
  

bias,	
  as	
  diagnosed	
  from	
  comparisons	
  between	
  analyses	
  of	
  
different	
  centers.	
  

•  Diagnos/cs	
  suggest	
  that	
  NCEP’s	
  bias	
  may	
  be	
  due	
  in	
  large	
  
part	
  to	
  issues	
  related	
  to	
  data	
  assimila/on.	
  	
  There	
  is	
  greater	
  
consistency	
  with	
  other	
  models	
  arer	
  24	
  h.	
  

•  Ensemble	
  perturba/ons	
  may	
  be	
  too	
  small	
  rela/ve	
  to	
  mul/-­‐
model	
  es/mates	
  of	
  analysis	
  error,	
  especially	
  their	
  size	
  for	
  
the	
  planetary	
  scales.	
  	
  This	
  under-­‐es/mate	
  reflects	
  the	
  
common	
  assump/on	
  that	
  the	
  analysis	
  is	
  unbiased.	
  

•  Diagnos/cs	
  such	
  as	
  these,	
  leveraging	
  TIGGE	
  data,	
  may	
  
prove	
  useful	
  for	
  detec/ng	
  forecast	
  and	
  assimila/on	
  system	
  
deficiencies.	
  	
  Consider	
  such	
  diagnos/cs	
  for	
  more	
  
widespread	
  use?	
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An	
  aside:	
  this	
  sort	
  of	
  analysis	
  underlies	
  AMIPT,	
  
where	
  climate	
  models	
  are	
  run	
  in	
  weather	
  mode.	
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10-­‐year	
  climate	
  forecast	
  temperature	
  bias	
  	
  
with	
  respect	
  to	
  reanalysis	
   JJA	
  2004	
  1-­‐5	
  day	
  forecast	
  error,	
  UKMO	
  

model	
  biases	
  in	
  climate	
  models	
  similar	
  to	
  what’s	
  observed	
  in	
  short-­‐range	
  forecast,	
  so	
  can	
  use	
  
short-­‐range	
  forecast	
  to	
  improve	
  and	
  validate	
  climate	
  models.	
  

ref:	
  Mar/n	
  et	
  al.,	
  J.	
  Clim,	
  15	
  Nov	
  2010	
  



Average	
  0-­‐24	
  h	
  tendencies	
  in	
  2-­‐m	
  temp	
  
<dF/dt>	
  -­‐	
  <dA/dt>,	
  Jan-­‐Feb-­‐Mar	
  2011	
  

NCEP	
   ECMWF	
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Dots	
  convey	
  mean	
  is	
  sta/s/cally	
  significantly	
  different	
  than	
  zero,	
  	
  
via	
  2-­‐sided	
  t-­‐test,	
  α=0.05	
  (field	
  significance	
  would	
  be	
  be|er).	
  



Average	
  0-­‐24	
  h	
  tendencies	
  in	
  2-­‐m	
  temp	
  
<dF/dt>	
  -­‐	
  <dA/dt>,	
  Apr-­‐May-­‐Jun	
  2011	
  

NCEP	
   ECMWF	
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Average	
  0-­‐24	
  h	
  tendencies	
  in	
  2-­‐m	
  temp	
  
<dF/dt>	
  -­‐	
  <dA/dt>,	
  Jul-­‐Aug-­‐Sep	
  2011	
  

NCEP	
   ECMWF	
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Average	
  0-­‐24	
  h	
  tendencies	
  in	
  500Z	
  
<dF/dt>	
  -­‐	
  <dA/dt>,	
  Jan-­‐Feb-­‐Mar	
  2011	
  

NCEP	
   ECMWF	
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Average	
  0-­‐24	
  h	
  tendencies	
  in	
  500Z	
  
<dF/dt>	
  -­‐	
  <dA/dt>,	
  Apr-­‐May-­‐Jun	
  2011	
  

NCEP	
   ECMWF	
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Average	
  0-­‐24	
  h	
  tendencies	
  in	
  500Z	
  
<dF/dt>	
  -­‐	
  <dA/dt>,	
  Jul-­‐Aug-­‐Sep	
  2011	
  

NCEP	
   ECMWF	
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Recall:	
  Antarc/ca’s	
  terrain	
  

64	
  

Typical	
  850	
  hPa	
  geopoten/al	
  
height	
  over	
  Antarc/ca:	
  ~	
  1300	
  m.	
  
Hence	
  nearly	
  all	
  of	
  Antarc/ca	
  	
  
Psfc	
  <	
  850	
  hPa.	
  
	
  
	
  
Typical	
  700	
  hPa	
  geopoten/al	
  
height	
  over	
  Antarc/ca:	
  ~	
  2600	
  m.	
  
Approximately	
  half	
  of	
  Antarc/ca	
  
Psfc	
  <	
  700	
  hPa.	
  



Average	
  0-­‐24	
  h	
  tendencies	
  in	
  850	
  T	
  
<dF/dt>	
  -­‐	
  <dA/dt>,	
  Jan-­‐Feb-­‐Mar	
  2011	
  

NCEP	
   ECMWF	
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Nega/ve	
  NCEP	
  tendencies	
  over	
  oceans	
  happens	
  for	
  other	
  seasons,	
  too.	
  



Average	
  0-­‐24	
  h	
  tendencies	
  in	
  850	
  T	
  
<dF/dt>	
  -­‐	
  <dA/dt>,	
  Apr-­‐May-­‐Jun	
  2011	
  

NCEP	
   ECMWF	
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Average	
  0-­‐24	
  h	
  tendencies	
  in	
  850	
  T	
  
<dF/dt>	
  -­‐	
  <dA/dt>,	
  Jul-­‐Aug-­‐Sep	
  2011	
  

NCEP	
   ECMWF	
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Are	
  nega/ve	
  tendencies	
  over	
  the	
  ocean	
  for	
  NCEP	
  worse	
  in	
  the	
  winter	
  hemisphere?	
  



Average	
  0-­‐24	
  h	
  tendencies	
  in	
  850	
  &	
  500	
  T	
  
<dF/dt>	
  -­‐	
  <dA/dt>,	
  Oct-­‐Nov-­‐Dec	
  2011	
  

NCEP	
  T500	
   NCEP	
  T850	
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Implies	
  a	
  general	
  stabiliza/on	
  of	
  850	
  to	
  500	
  hPa	
  layer	
  in	
  short-­‐term	
  forecast.	
  	
  



Recall:	
  Nastrom	
  &	
  Gage	
  (1984),	
  
energy	
  spectra	
  from	
  plane	
  observa/ons	
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Now	
  let’s	
  look	
  at	
  the	
  power	
  spectra.	
  
	
  
Recall	
  that	
  Nastrom	
  and	
  Gage	
  
experimentally	
  confirmed	
  the	
  result	
  
that	
  at	
  the	
  larger	
  (synop/c)	
  scales,	
  
the	
  power	
  spectra	
  roughly	
  follow	
  
a	
  k-­‐3	
  power	
  law,	
  and	
  at	
  smaller	
  
scales,	
  a	
  k-­‐5/3	
  power	
  law.	
  
	
  
With	
  the	
  2.5-­‐degree	
  analysis	
  data	
  
used	
  here,	
  we	
  can’t	
  expect	
  to	
  see	
  
much	
  of	
  the	
  region	
  of	
  the	
  spectra	
  
with	
  k-­‐5/3.	
  



We’ll	
  end	
  trying	
  to	
  understand	
  what’s	
  	
  
behind	
  this	
  seemingly	
  modest	
  change	
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Recent	
  sta/s/cs	
  from	
  parallel	
  run	
  that	
  includes	
  hybrid	
  EnKF/GSI	
  

At	
  0	
  hours,	
  low-­‐level	
  temperature	
  	
  
analyses	
  are	
  biased	
  too	
  cold.	
  

At	
  24	
  h,	
  temperature	
  	
  
forecasts	
  are	
  biased	
  too	
  warm.	
  


